Mutations in exon 2 of GATA1 are early events in megakaryocytic malignancies associated with trisomy 21.
Patients with Down syndrome (DS) frequently develop 2 kinds of clonal megakaryocytosis: a common, congenital, spontaneously resolving, transient myeloproliferative disorder (TMD) and, less commonly, childhood acute megakaryoblastic leukemia (AMKL). Recently, acquired mutations in exon 2 of GATA1, an X-linked gene encoding a transcription factor that promotes megakaryocytic differentiation, were described in 6 DS patients with AMKL. The mutations prevent the synthesis of the full-length GATA1, but allow the synthesis of a shorter GATA1 protein (GATA1s) that lacks the transactivation domain. To test whether mutated GATA1 is involved in the initiation of clonal megakaryoblastic proliferation or in the progression to AMKL, we screened 35 DS patients with either AMKL or TMD and 7 non-DS children with AMKL for mutations in exon 2 of GATA1. Mutations were identified in 16 of 18 DS patients with AMKL, in 16 of 17 DS patients with TMD, and in 2 identical twins with AMKL and acquired trisomy 21. Analysis revealed various types of mutations in GATA1, including deletion/insertions, splice mutations, and nonsense and missense point mutations, all of which prevent the generation of full-length GATA1, but preserve the translation of GATA1s. We also show that the likely mechanism of generation of GATA1 isoforms is alternative splicing of exon 2 rather than, or in addition to, alternative translation initiation, as was proposed before. These findings suggest that acquired intrauterine inactivating mutations in GATA1 and generation of GATA1s cooperate frequently with trisomy 21 in initiating megakaryoblastic proliferation, but are insufficient for progression to AMKL.